Summary There are few data on the skeletal health of Hispanic men. We observed differences in vitamin D deficiency and low BMD between Hispanic ethnic subgroups that persisted with adjustment for risk factors. Our data indicate a substantial burden of low BMD and vitamin D deficiency among Hispanic men. Introduction Disparities within ethnic groups are generally ignored, but in evolving populations they may have implications for public health. We examined ethnic variation in serum 25-hydroxyvitamin D [25(OH)D] and bone mineral density (BMD) among Hispanic American men. Methods Three hundred and fifty-eight Hispanic males 30 to 79 years of age were studied. Logistic regression models assessed variation in odds of vitamin D deficiency (<20 ng/mL) and low BMD (T-score<−1) by ethnicity, with and without adjustment for risk factors (age, smoking, occupation, physical activity, body mass index, and sunlight exposure). Results Vitamin D deficiency was most common among Puerto Rican (26%), compared with Dominican (21%), Central American (11%), and South American (9%) men. Percentages with low BMD were: South American (44%), Puerto Rican (34%), Dominican (29%), and Central American (23%). Adjustment for age and risk factors failed to account for Hispanic subgroup differences in vitamin D deficiency and low BMD. Population estimates indicate a substantial burden of low BMD and vitamin D deficiency among Hispanic men. Conclusions Our findings underscore the importance of examining the skeletal health of Hispanic subgroups, and suggest that a considerable number of Hispanic men may be at elevated risk of fracture and vitamin D deficiency.
Introduction
The epidemiology of osteoporosis in men and minority groups is understudied, and while advances in the understanding of gender and racial disparities in skeletal health continue to be made, there remain major gaps in knowledge.
concern for older men and racial/ethnic minorities [1] [2] [3] [4] , planning for osteoporosis-related health care must account for the changing demographic composition of the U.S. population. Of particular importance are annual fracture costs among the Hispanic population, which will grow from $754 million in 2005 to a projected $2 billion per year by 2025, representing the largest increase (175%) among all racial/ethnic groups [5] . The surge in health care costs will be driven by the enormous increase projected for the Hispanic population in the coming decades [6] .
While between-group racial differences in variables related to skeletal status are well-documented (e.g., black/ white differences in serum 25-hydroxyvitamin D [25(OH)D] or bone mineral density (BMD) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] ), subgroups within major racial or ethnic groups have been ignored. This is of concern for several reasons. First, there are known limitations in combining data on heterogeneous Hispanic subgroups [17] , and most available data on the skeletal status of Hispanic persons come from studies of Mexican American populations [13, [18] [19] [20] [21] [22] [23] [24] [25] . Second, the composition of the U.S. Hispanic population is changing dramatically, with migration and reproduction driving changes in the absolute and relative sizes of Hispanic age and ethnic subgroups [26] . Finally, there is evidence, although scant, of variation in fracture incidence among Hispanic subgroups [21] , as well as stronger data showing substantial international, as well as within-country, variation in hip fracture incidence [22, [27] [28] [29] .
Our objective was to examine variables related to skeletal status among Hispanic men enrolled in a populationbased, cross-sectional, observational study of racially and ethnically diverse men aged 30-79 years. Specifically, we examined Hispanic ethnic subgroup differences in serum 25(OH)D and BMD, and determined whether differences in these outcomes are due to the confounding influence of age and other risk factors.
Methods

Study sample
Data were obtained from men enrolled in the Boston Area Community Health/Bone (BACH/Bone) Survey, which is a cross-sectional observational study of skeletal health in 1,219 (of 1,877 eligible, 65% response rate) randomly selected black, Hispanic, and white male Boston, MA residents 30 to 79 years of age [7] . Persons of other racial/ ethnic backgrounds were ineligible. BACH/Bone subjects were a subset of 2,301 men previously enrolled in the parent Boston Area Community Health (BACH) Survey [30] . Study protocols were approved by Institutional Review Boards at New England Research Institutes (NERI) and Boston University School of Medicine (BUSM). All participants gave written informed consent separately for participation in each study.
Data collection
BACH data collection featured a comprehensive interview which obtained detailed demographic, health, and lifestyle measures by subject self-report. Physical activity level was measured using a scale developed [31] and validated [32] by staff at NERI. Years of education, occupation, and smoking status was based on self-report. The number of smoking pack years was calculated by multiplying the number of packs per day by the number of years the subjects smoked.
Subjects' ethnicity was determined via self-identification according to U.S. Office of Management and Budget guidelines [33] . Subjects were considered Hispanic if they answered "yes" to the question "Do you consider yourself to be Spanish, Hispanic, or Latino?"; those who did so were subsequently asked whether they considered themselves one or more of: Mexican American/Chicano, Puerto Rican, Cuban, Spanish, Central American, South American, or Dominican. Subjects were permitted to choose more than one response, or could specify a designation not listed, state that they did not know, or refuse to answer. Subjects were then asked "What race do you consider yourself to be?", with the option of choosing multiple races from the following responses: American Indian or Alaskan Native, Asian, Black or African American, Native Hawaiian or other Pacific Islander, White or Caucasian, and Other (Specify). Additional information relevant to Hispanic ethnicity included place of birth, year of immigration, and language preference (English vs. Spanish).
Data collection for BACH/Bone occurred at the BUSM General Clinical Research Center, where staff obtained a non-fasting blood sample, administered a brief health questionnaire, and obtained bone density, anthropometric, and functional measurements. Data were collected between November 2002 and July 2005. Subjects' height (to the nearest 0.1 cm) and weight (to the nearest 0.1 kg) were obtained using a stadiometer and digital scale; body mass index (BMI, kg/m 2 ) was obtained from these by calculation. Information on weekly sunlight exposure and multivitamin use was obtained via self-report. (throughout the year) in duplicate (the average of the two are presented) at the Core Laboratory, BUSM, using a competitive binding protein (CPB) assay without prior chromatography [34] . Inter-assay coefficients of variation are 10-15%.
The reference range is 20-100 ng/mL (50-250 nmol/L). The following cut-points for 25(OH)D were used: deficient: < 20 ng/mL (< 50 nmol/L), insufficient: 20-30 ng/mL (50-75 nmol/L), sufficient: > 30 ng/mL (> 75 nmol/L) [35] . Serum bio-intact parathyroid hormone (1-84 PTH) was measured in duplicate (the average of the two are presented) with the Nichols Advantage System (Nichols Institute Diagnostics, San Clemente, CA). The sensitivity of the assay is 4.0 pg/mL and the inter-assay CVs are 5.6-8.3%.
Bone densitometry
Proximal femur (femoral neck and total hip) BMD was measured by DXA using a QDR 4500W densitometer (Hologic, Inc., Waltham, MA). The DXA system was monitored weekly for drift. Participants were categorized as osteoporotic or osteopenic [36] according to femoral neck and total hip BMD T-scores (T-score < −1 at either site), computed from the Third National Health and Nutrition Examination Survey (NHANES III) young non-Hispanic white male reference database [13] . We refer to men who met this criterion as having "low BMD". Too few men met the criteria for osteoporosis (T ≤ −2.5) to be analyzed separately.
Analysis sample
A total of 401 BACH/Bone subjects identified themselves as Hispanic. Four Hispanic subjects did not have DXA scans and two were missing hip BMD measures. See Fig. 1 for a detailed breakdown of Hispanic ethnicity among these 395 participants. We excluded from our analyses 37 "Other Hispanic" men who either self-identified as having two or more Hispanic ethnicities (n=16) or stated that they considered themselves to be of Mexican American, Cuban, or Spanish descent (n=21), because the subgroups themselves are too small to analyze, and there is no justification for combining them into one "Other" group. This left a total of 358 subjects available for the BMD analysis. An additional 27 men were missing data on serum 25(OH)D, leaving 331 men for analyses considering 25(OH)D.
Statistical analysis
Mean (standard deviation) and N (percent) were used to describe the population with respect to the outcomes and covariates of interest according to Hispanic ethnic group. Associations between ethnic group and continuous (femoral neck and total hip BMD) and binary (vitamin D deficiency and low BMD) outcomes were quantified by linear and logistic regression models, respectively, specifying the appropriate distribution (binomial for logistic models and normal for linear models) and link function (logit for logistic models and identity for linear models). In logistic regression models, we used Puerto Rican men as the reference category for computing odds ratios (OR) and 95% confidence intervals (CI). Multivariate logistic regression was used to examine Hispanic ethnic differences in vitamin D deficiency and low BMD in two regression models: (i) adjusted for age only; and (ii) adjusted for age plus risk factors. The potential covariates considered in this analysis were: age (continuous), smoking pack years (ordinal), occupation (categorical), BMI (continuous), sunlight exposure (ordinal), physical activity (ordinal), years of education (continuous), multivitamin supplement use (binary), and height (continuous). Details on the categorizations used for non-continuous variables are shown in Table 1 . The statistical significance of regression effects was determined using Wald hypothesis tests. Pairwise comparisons between each of the Hispanic ethnic groups were obtained using CONTRAST statements in the SAS (SAS Institute, Cary, NC, USA) procedure PROC GENMOD. Visual data displays were constructed using Splus version 7.0 (Insightful Corp., Seattle, WA, USA) and SAS/GRAPH software (SAS Institute, Cary, NC, USA).
We estimated the number of prevalent cases of vitamin D deficiency and low BMD among men between 50 and 79 years of age based on 2000 Census data [37] . To obtain these estimates, we multiplied age-and ethnic groupspecific prevalence estimates times the number of men in each age and ethnic group; the sum of these products represents an estimate of the number of men with vitamin D deficiency and low BMD in the specified population. In order to broaden the applicability of these estimates, we used published estimates of the prevalence of vitamin D deficiency [15] and low BMD [38] in Mexican American men from NHANES III.
Results
Of the 358 Hispanic men who comprised the base analysis sample, 121 (34%) self-identified as Puerto Rican, 82 (23%) as Dominican, 82 (23%) as Central American, and 73 (20%) as South American. There was no difference between the groups with regard to season of measurement. Selected descriptive characteristics are displayed in Table 1 . Most subjects (80%) did not identify a racial group, choosing to report Hispanic ethnicity only. Among Hispanic subjects reporting a racial group, Puerto Rican and South American men were more likely to report being white as well as Hispanic, and Dominican and Central American men were more likely to report being black and Hispanic. Puerto Rican men appeared to exhibit considerably poorer health behaviors (e.g., a higher 
) was approximately 6% lower than femoral neck BMD in Central American men (p = 0.02). Mean total hip BMD was significantly lower in South American men as compared to Puerto Rican (p=0.03), Dominican (p=0.03), and Central American (p=0.01) men. The percentage of men with low BMD differed substantially across the groups, with 44% of South American, 34% of Puerto Rican, 29% of Dominican, and 23% of Central American men having low BMD at either the femoral neck or total hip.
We examined whether the differences observed in Table 2 depended on age group by stratifying the sample into two groups [<50 years (n=206) and ≥ 50 years (n=152)]. There was a slight suggestion of an interaction between age and Hispanic ethnicity (e.g., the OR for low BMD in South American vs. Puerto Rican men < 50 years was 2.49 (95% CI: 1.03, 6.02) whereas in men ≥ 50 years it was 1.50 (95% CI: 0.58, 3.87). However, cell sizes among the older group were small (e.g., there were 27 and 25 Central and South American men, respectively, aged 50 years or older). Furthermore, models that included the statistical interaction term for age (dichotomous, < 50 and ≥ 50 years) and Hispanic ethnicity did not meet the level of statistical significance in predicting vitamin D deficiency (p=0.90) or low BMD (p=0.21). (Table 4 ). Major differences between groups are related to differences in both the prevalence of these conditions as well as population size.
Discussion
To our knowledge, this is the first to study to examine differences in serum 25(OH)D and BMD among these ethnic subgroups of Hispanic men. Even with adjustment for known risk factors for vitamin D deficiency and low BMD, we observe relatively substantial differences in risk among the Hispanic ethnic groups studied. Puerto Rican and Dominican men are at higher risk of vitamin D deficiency. South American men are at much higher risk for low BMD yet had the lowest prevalence of vitamin D deficiency. We estimate that a substantial number of Hispanic men between 50-79 years of age have vitamin D deficiency and low BMD, even though our estimates for the year 2000 are made only with respect to approximately 75% of U.S. male Hispanic population in this age range.
Comparison with other studies on vitamin D deficiency and low BMD among Hispanic men Harris and colleagues studied 19 Hispanic men aged ≥ 64 years from Boston, and found that more than 50% had 25(OH)D < 20 ng/mL (measured by CPB in winter) [40] . This is higher than our estimate and could be due to season of measurement as well as the ages of the participants. NHANES III reported that approximately 9%-13% of Mexican American men aged ≥ 30 years had 25(OH)D levels ‡ N = age-specific sample size § Exact 95% CI ¶ Source: NHANES III, Table 2 [38] . Estimates are the sum of the proportion of Mexican American men aged ≥ 50 y with osteopenia and osteoporosis < 15 ng/mL, and 30% had 25(OH)D levels < 20 ng/mL [15] . Estimates from our study were somewhat lower than those obtained from NHANES III data, with 9% having 25(OH)D < 15 ng/mL and only 19% having 25(OH)D < 20 ng/mL. Small differences could be explained by the fact that BACH/ Bone data were obtained throughout the year, whereas these data from NHANES III were from samples obtained in winter. Perhaps more important is the possibility that different assay techniques yield different results [41] . [42] . As a result, previous work indicates that prevalence estimates of vitamin D insufficiency or deficiency with our assay are nearly identical to those obtained with liquid chromatography-mass spectrometry [35] . In summary, our estimates of the percentage of men with vitamin D deficiency, while not fundamentally different from other studies, may exhibit a small low bias, which would mean that the population prevalence may therefore be greater than the estimates we are reporting here. NHANES III is the only other study to report low BMD data among men of Hispanic descent [38] . According to NHANES III estimates, approximately 40% of Mexican American men aged ≥ 50 years had low femoral neck BMD. This is somewhat lower than that observed in our data, with 47% of all Hispanic men aged ≥ 50 years having low BMD at the femoral neck. This is likely attributable to differences in Hologic machines used for DXA scans (NHANES III: Hologic QDR 1000; BACH/Bone: Hologic QDR 4500). In fact, the application of NHANES III cutpoints to the current data set could be problematic given differences in instrument technologies [pencil-beam (NHANES) vs. fanbeam (BACH/Bone)]. Tothill and colleagues have shown that the pencil-beam yields 3-9% higher BMD than fan-beam [43] . We examined how assuming the worst-case scenario (i.e., decreasing NHANES III BMD cutpoint values by 9%) would affect prevalence estimates, and observed that they were reduced from 32% to 22% in the sample overall, with a range of reductions among Hispanic subgroups from 29% to 21% in Dominican men to 34% to 21% among Puerto Rican men. In Hispanic men 50 years or older, prevalence was decreased from 47% to 33%. It should be noted that NHANES III reference data are generally incorporated into densitometer data bases without such scaling, so the application of these reference values to our population is not without precedent.
Associations of vitamin D status with BMD and sunlight exposure
The finding that South American men were at much lower risk for vitamin D deficiency yet at much higher risk for low BMD merits attention. This mirrors the apparent paradox in the observation that white men and women, despite being at much lower risk of vitamin D deficiency [15] , are at much higher risk of osteoporosis [13, 38] and fracture [8] as compared to black men and women. A previous investigation from the larger BACH/Bone sample shows that among Hispanic and black men in this cohort, there are essentially no associations between 25(OH)D levels and BMD, but modest associations are observed among white men [39] . This is consistent with other data [15] . This apparent protection against the negative skeletal consequences of suboptimal vitamin D might be explained by differences in the vitamin D receptor [44] [45] [46] [47] . One could speculate that a similar phenomenon, i.e., subgroup variation in the association between 25(OH)D and BMD, might occur among Hispanic ethnic subgroups as well. Unfortunately, the small size of the ethnic subgroups limits our ability to examine this in detail.
The relationship between sunlight exposure and vitamin D status in this study deserves comment, as the ethnic patterns in self-reported sun exposure observed do not map neatly onto ethnic differences in vitamin D deficiency. For example, despite similar levels of sun exposure in Puerto Rican and South American men, Puerto Rican men had a much higher rate of vitamin D deficiency. Despite the important role played by latitude and season in vitamin D synthesis [48] , differences in circulating vitamin D levels associated with these factors cannot explain this finding since there was no variation between ethnic groups in latitude or in time of year of sampling. It is possible that heterogeneity in skin pigmentation contributes to observed differences [49] [50] [51] , but this was not addressed in this study. Alternatively, the self-reported measure of sun exposure may not capture actual differences in exposure.
Limitations and strengths
Limitations to this study beyond those previously noted should be acknowledged. Our study population had too few Cuban or Mexican American subjects to include in the analysis. However, our study sample is consistent with the distribution of Hispanic subgroups in Boston, the geographic area from which the study sample was drawn. Nonetheless, we attempted to minimize this limitation in making population estimates of burden by using published estimates of the prevalence of vitamin D deficiency and low BMD among Mexican American men from NHANES III. Another potential limitation is that it is unclear which reference group should be used to compute T-scores in studies of men and minority populations. Interim recommendations from the International Society for Clinical Densitometry suggest the use of young Caucasian males as the reference group for non-Caucasians [52] , as was done in this report. Finally, although we provide descriptive information on very crude but widely used [53] proxy measures for acculturation (i.e., language and nativity/ immigration status), their lack of formal validation prohibits us from addressing hypotheses about the role of acculturation in the differences observed between Hispanic subgroups. Further work with a validated measure of acculturation could provide useful information about differences between subgroups.
These limitations must be balanced against the strengths of this study, which include a random, population-based study of Hispanic men in Boston and measurement of factors that might confound differences in vitamin D and BMD status between these groups. In addition, we presented data on the major Hispanic subgroups in our study. Our data are consistent with the one study that has shown considerable variation in fracture incidence among Hispanic subgroups [21] . These data support the notion of Melton and colleagues that persons of particular races should not be viewed as members of a uniform class, and differences among component ethnic groups should be explored [54] . Additional study of these subgroups, perhaps with individuallevel estimates of genetic ancestry [55] , might be revealing.
These findings could have implications for public health. BMD is strongly predictive of fracture risk [56, 57] , and it has been recently argued that low BMD (or osteopenia) is analogous to prehypertension, impaired fasting glucose, and borderline high cholesterol in defining an intermediate-risk group [58] . Based on our prevalence estimates, we estimate that a large number of Hispanic men comprise this intermediate-risk group who may be at risk of fracture (as indicated by low BMD) and vitamin D deficiency. When considered in light of U.S. demographic trends, recent data of a rising incidence of hip fracture in California Hispanics [25] , and the wide range of chronic diseases associated with suboptimal vitamin D status (e.g., cancer, multiple sclerosis, diabetes, and cardiovascular disease [48] ), these data highlight the need for additional studies on Hispanic subgroups, and could have important implications for service planning, as well as education and prevention efforts for fractures, osteoporosis, and the sequelae of vitamin D deficiency.
